ABSTRACT: Technological and conceptual advances in fields such as artificial intelligence, robotics, and material science have enabled robotic architectural environments to be implemented and tested in the last decade in virtual and physical prototypes. These prototypes are incorporating sensing-actuating mechanisms that enable interaction with their users and surroundings in real-time. While these prototypes obviously point towards a paradigm shift from inanimate towards animate architecture, they do not operate at building but at building component scale and do not address socio-economical or environmental aspects that affect architecture and society at large. This paper, on the one hand, critically discusses robotic prototypes built in the last decade at Delft University of Technology, on the other hand, it proposes a framework for future research envisioning robotic environments, as resizable, able to spatially expand or contract as well as move or be moved as needed. Such reconfigurable environments aim to validate the assumption that robotics incorporated in architecture improve efficiency of use due to multiple use of built space in condensed timeframes, while at the same time they advance technology for distributed autonomous robotic systems exhibiting collective behavior as well as test their application to sustainable architecture.
INTRODUCTION
Robotic devices have been in the last decade increasingly incorporated into architectural environments and building components. Furthermore, robotics were also integrated into the fabrication process of building components in such a way that not only operation but also production of buildings fundamentally changes: While buildings become animate, their customized on demand production is implemented via automated, rapid fabrication.
As already presented and discussed in Digitally-driven Architecture [1] , the development of such robotic environments may be traced back to the mid-20th century work on systems adapting to continuous feedback from users and environment: Archigram's vision of indeterminate architecture [2] , for instance, Zuk and Clark proposals for kinetic architecture [3] and Eastman's vision on spaces and users as feedback systems [4] allowing architecture to self-adjust in order to fit the needs of users.
Technological and conceptual advances that took place since then have enabled these ideas to be implemented and tested in the last decade in functioning prototypes for reconfigurable, robotic environments. These prototypes [5, 6] are incorporating mechatronic, sensing-actuating systems enabling them to interact with their users and surroundings in real-time While acknowledging that prototypes such as Hyperbody's Muscle Projects [5] and dECOi's Aegis Hypo-Surface [6] point towards a paradigm shift from static towards dynamic, interactive architecture, it is obvious that they do not operate at building but at building component scale and do not address socio-economical or environmental aspects that affect the society at large.
The aim of future research is, therefore, to develop reconfigurable, robotic environments at building scale that address, with consideration to environmental impact, issues such as inefficient use of built space and rapid urbanization and has, therefore, an influence on architecture and society at large. The innovation of such a proposal does not lie, however, in the idea of systems that are adapting to continuous feedback from the environment and users [4] instead it lies in the application of such an idea to architecture by means of robotics. Reconfigurable, robotic architecture, as proposed in this paper, accommodates, therefore, on the one hand human needs addressing imperative requirements for sustainable functional flexibility and reconfiguration; on the other hand, it extends human needs by establishing interactive relations with the built environment. Another relevant software prototype is Piacentino's Javabased particle spring system ( Interaction has been investigated in representative projects such as SpaceCustomizer (Fig. 6 ) in which the interaction between the human body in movement and geometry is addressed at the level where each movement is translated into a corresponding spatial displacement and geometrical deformation, hence reconfiguration [8] . (landscape or urban fabric), it has a level of mobility and/or is easily transportable, docks onto the existing infrastructure with respect to (waste and fresh) water and electricity system, but has also own solar and wind energy generators that can be used if needed.
CONCLUSION
Embedded robotic systems prove that architecture is no longer static but dynamic, responding interactively to users' and environmental needs. This implies that a sociotechnological paradigm shift from inanimate towards animate architecture is being implemented in such a way that use of built space is significantly improved. 
